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HAIIOKAL ADTIS.QHT COMMITTEE FOR AERONAUTICS 

MBMOBAHDUM HEP0H3? 

TffE USTPECT OT XYLIEIHES OUT THE STABILITY Off 
AS ATftCTATTT-ar&IME LuBBIGATIBG- OIL 

By Walter T. Oloon and Emanuol Motto witz 



SOMMAET 

Toets wore made to determine tho effect of xylidineB on 
the stability of an aircraft-online lubricating oil. Tho 
Indiana oxidation tost and moasur orients of the oxyf on ah- 
sorption rate of tho oil samples wore performed on Bavy 1120' 
oil, Havy 1120 oil plus 0.5 percent "by weight of xylidlnos, 
and Uavy 1120 oil used in piston-ring-stickir.g testB "both 
without and with xylidlnos. Laboratory inspections per- 
formed on usod oils from the "beginning and end of several 
piston-ring-stioking tests without and with xylidlnos added 
to tho fuol and the oil are compared. 

Tho rata of increase of kinematic viscosity with time 
in the Indiana oxidation teat at 175° 0 was decreased by 
the addition of xylidlnos to new oil. The same is true for 
usod oil with xylidinea as compared with usod oil 
without xylidlnos. Tho initial rates of oxidation at 175 0* 
as measured In a closed flask* wero loss for both now and 
usod oils containing xylidlnos than for oils containing no 
xylidlnos. The addition of 0.5 porcont by woight of xyli- 
dlnos to Savy 1120 oil docroasod tho rato of oxidation of 
this oil at 175° 0 aa measured in an automatic oil-oxidation 
apparatus. Comparison of laboratory inspections of oils 
usod without and with xylidlnos indicated that th<- qylidinos 
may have had a slight atability^-promoting effect. All the 
oils displayed good stability characteristics in hulk under 
tho conditions of the engine tosts. Tho stability of Havy 
1120 oil toward oxidativo deterioration, as determined by 
several laboratory teste, was increased by the addition of 
small amounts of xylidlnos. 



IHTEQDUCTION 

At the request of the- Army Air fforcos, an investiga- 
tion is "boing conducted to determine the suitability of 
xylidlnos as an antiknock componont in aviation gasoline. 
Since it is Inevitable that tho aircraft- ongi no lubricant 
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will bocomo contaminated with, fuel, either fron blow-by or 
through oil dilution with fuol during colaVwoathor opor-vtion, 
tosts wore porformod to determine tho effoct of xylidinoB on 
tho stability of englno lubricating oil. 

Excoaaivo dotorioration of lubricating oil in an online 
will not only rosult in doatruction and loaa of tho lubricmt, 
formation of aludgo that nay clog oil linos, and formation of 
oorroaivo acida, but nay alao roault in deposition of lacquor, 
ring sticking ■°-nd valve sticking. On tho other hand, acidic 
oxidation products roculting fron loos cxtenaivo deterioration 
nay bo of roal valuo in inp roving tho load-carrying charactor- 
iatica of a hydrocarbon oil. Becauso tho principal cauao for 
lubricating-oil dotorioration is gonorally understood to ho a 
procoas of oxidation, tho stability waa oxaninod in torna of 
oxidation toata. 

Specifically, tho Indiana oxidation tost and moaaurononta 
of tho oxygon ahaorption rato of tho oil sanplos woro pcrforaod 
on hoth now and usod oil without and with xylidinos. At tho 
beginning and end of tho piaton-ring-sticking runo, laboratory 
inspections woro nado of oil aauploe ronovod fron tho oil sys- 
tem of a alnglo tost cylindor of a 12-cylindor liquid~coolod 
engine. 

The tests were performed at the Aircraft Engine Research 
Laboratory, National Advisory Committee for Aeronautics, Cleve- 
land, Cfliio, during June and July 19^3 • 



APPAEATUS AHD PEOCSDOIffi 

Indiana oxidation teat . - The Indiana oxidation teat 
aoparatus (reference l) waa uaed to determine the effoct of 
xylidinea on lubricating-oil stability. Essentially, the 
test consisted of blowing air at 10 liters per hour through 
300 milliliters of the teat oil maintained at 175° C. Sam- 
ples of approximately 15 milliliters were removed every 2h 
houra for kinematic-viacosity determination. In addition, 
Conradson carbon determinationa were performed on the origi- 
nal and final samples from the test. 

Davis oxidation teat . - The initial oxidation rates of 
the oil samples were determined by the oxygen-absorption 
method described in reference 2. Briefly, the method con- 
sioted of weighing exactly 10 grams of sample into the bottom 
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of a Sligh oxidation flask, displacing the air in the flask 
with oxygen, affixing a mercury manometer of about 300-milli- ■ 
meter range /bo the flask* and immersing the assembly to about 
the midpoint of the neck of the flask in a constant tempera- 
ture bgjth maintained at 175° C. She thermal expansion of the 
gas caused a pressure increase; the oxidation of the oil 
caused a subsequent pressure decrease. The pressure was read 
and recorded at approximately 10- to 15-minute intervals. The 
drop in -pressure from the maximum was recorded as a measure 
of oxygen ■ consumed at each time interval. 

Automatic oil oxidation apparatus . - The oxygen absorp- 
tion of the samples was also determined in a circulatory sys- 
tem similar to that described by fi. V. Dornte (reference 3) ■ 
but equipped with an automatic recording burette (reference U) . 
Pigure 1 illustratos the apparatus used. Oxygen was circu- 
lated through tho oil sample by an all-glass pump (reference 
5). Absorption tubes containing anhydrous calcium sulfate 
and sodium hydroxide removod water and carbon dioxide formed 
during the oxidation reaction. 

As oxygon reacted with the oil sample, the pressure in 
the circulating systom deoroased. This decrease in pressure 
caused tho control manometer, acting through an electronic 
relay, to pormit the leveling-bottle drive to raise the 
leveling bottle until the pressuro was rostored in the sys- 
tem. The position of tho leveling bottle was continuously 
rocordod on a drum which rotated at a constant spoed. By 
appropriate calibration and correction for teuiperp.turo and 
prossure, tho levoling-bottle position was converted to milli- 
liters of dry oxygen absorbed at standard temperp + .ure and 
prossure (0° G, 7^0 mm Hg). Thus, a record of of reac- 

tion with-oxygen under controlled conditions was obtained. 



Test Conditions 



Oil sample, grams 50 

Bath temperature, 0 175 

Partial pressure of 0g, mm Eg » 720 to 730 

Bate of gas circulation, ml/min 190 

Catalyst added none 



Laboratory Inspection . - Used oilB from tho beginning 
and end of the piston-ring-a ticking test runs were inspected 
for neutralization number, Conradson oarbon, and kinematic 
viscosity* 



Test Specimens 

Navy 1120 lubricating oil and Navy 1120 oil containing 
0.5 percent commercial mixed xylidines were tested as new 
oils. The used oil samples were taken from a single cylinder 
from an engine mounted on a CUE crankcase operated in a pro- 
gram to determine the effect on pistoa-ring sticking of xyl- 
idines added to the fuel and oil. 



H3SC1TS AND DISCUS,'. I01T 

Indiana oxidation tost . - Figure 2 prosonts the klnomatic 
viscosity of the test samplos as a function of tho time in the 
hath. Tablo I prosonts tho moan values of the Conradson car- 
bon determinations for samples at the beginning and at the 
ond (170 hr) of tho Indiana toot. The magnitude of the incraaso 
in kinomatic viscosity and Oonradson carbon may bo assumed to 
indicrvto tho approximate extont of oil oxidation. 

A comparison of the data for tho ITavy 1120 oil with the 
data for the Navy 1120 oil plus 0.5 percent xylidinos shows 
that tho addition of tho xylidines Increased the stability 
of the Navy 1120 oil under the conditions of tho test. A 
similar comparison between tho data for the used ITavy 1120 
oil and the used Navy 1120 oil with xylidinos showB the seme 
offoct. 

TABLE I 



CONJIADSON QATTBON RESIDUES OP ISDIArIA TEST SA'JFIES 





Start ' of 


End of 


Incroase 




test 


tost 




Navy 1120 oil 


O.5I+ 


2.31 


1.77 


ivvy 1120 oil plus 5-P°rcent 








xylidines 


•53 


l.GU 


.53 


Usod ITavy 1120 oil (series ll) 


• 29 


3.00 


2.71 


Used Navy 1120 oil (series 12) 


1.05 


3.22 


2.17 


Usod Navy 1120 oil with .xylidinos 


1.26 






(series 13) 


2.73 


1.31 



Davis oxidation tost . - In figuro 3 *bo drop in pressure 
from tho maximum is plotted against time elapsod for the sanr- 
plos. Since tho extont of oxidation occurring cVoring tho 
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entire test is small, the curves .roprosont the initial rato 
of orcidation for tho samples of unused oil. Only about 150 
milliliters (at 0° 0 and 760 mm Hg) of oxygpn ppr 10Q grams 
of ' safcrplb are consumed lay the oil during tho cntiro tost. 
Each curvo is a moan of at loast throe do terminations. A 
comparison of the data for tho now oils with.oach other and a 
comparison of the data for tho usod oils vrith oach othor show 
that tho xylidines inhibitod the rate of oxidation of tho oils. 
A comparison of tho data for tho now oils with tho data for 
tho usod oils shows that the lubricating oils undorwont loss 
of stability when usod in tho ongino, possibly through be- 
ginning oxidation and reception of pro-oxidation catalytic 
materials from tho engine. 

Automatic oil-oxidation ao-paratus . - Tho effect of 0-5 
percont by weight of xylidines on the rate of oxidation of 
irfavy 1120 oil is shown in figuro U. Tho extont of nxidrtion 
for the ontiro test was about 10 timos as groat as in tho 
previously doscribod Davis tont. Br.causo tho usod oils voro 
already x.artly deteriorated, thoy wcro not submitted to thin 
moro aovoro tost. Tho oxidation-rate curves (fig. h) show 
that tho xylidinos inhlbitod tho oxidation of the ifevy 1120 
oil. 

Laboratory inro option . - Table II prosonts average valuos 
for laboratory inopooticn pcrforj.;od on used oilc from thn bo- 
ginning and ond of covoral piston-ring-sticking tostfj. The 
incrcnoos in tho valuos of tho various inspection data with 
onginc running timo aro prosontcd togothor with tho duration 
of tho ring-sticking toots. Mean valuos and thoir probablo 
orrors woro calculatod for tho tosto with no xylidinos and 
for tho xylidino toots. 

If tho neutralization number and tho Conradoou carbon 
aro takon as criteria, tho xylidinos appoar to have oxortod a 
slight stability-promoting effect, although tho observod of- 
fect is small and may moroly reflect tho shorter ongino running 
timos. Tho orratio viscositios probably result from no attompt 
having been mado to ronove posslblo diluonts boforo measuring 
tho viscosity. All tho oil samples indicated good stability 
characteristics in bulk under tho conditions of tho ongino toots. 

Aircraft Engine Sosoarch Laboratory, 

National Advisory Conmittoc for Aoronautics, 
Clovoland, Ohio, August 3, I9U3. 
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T.1BLB II 

LA3Q2AT0HT INSPECTION OF LUB?JCA>T SAMPLES HIOM PISTOS-BIIiG-STICKIiil} T3STS 



Series 


Time 


Conradson car Dor., 
percent "by weight 


i"eutralizption number, 
ag 2CE -per gram of oil sample 


Kinematic viscosity at 210° G 
(centistokes) 


(hr) 


(min) 


Beginning 


End 


Increase 


Beginning 


End | Increase 
1 


Beginning 


End 


Increase 




12 
16 
IS 
19 

25 
26 
Mean 


I 

IS 

15 

26 
25 
23 


15 

2 
23 

q 

1+5 
56 


0.50 

•55 
•52 

• 52 

• 59 

.H9 


1.15 
0.9S 

.si+ 

• 90 
•85 

1.00 


0.62 
-*3 
• V- 
.33 
.26 
.51 

0.1+3±0.12 




r.06 

.OS 
.OS 

.cs 

.10 

.09 






23.85 
• 23.86 

21+.07 
■ 21+.05 

22.75 
23.85 






0.17 
.12 
• 09 
.11 
.09 


0.09 
.01+ 

.01 
.01 
.00 

o.05±o.03 


23.80 
23.76 

23. SO 

23.82 
23.99 


-O.O6 
-.31 
-•25 
1.07 

.11+ : 

0.12db0.35 


3- percent ay! 


Lidines in fuel, 0. 5-percent zylidines in oil 


13 
11+ 

15 
17 • 
20 
21 
Keas 


2S 
21 

19 

21+ 
11+ 

13 

20 


13 

21+ 

1+6 
lU 

57 
52 

21+ 


0.51+ 

•52 
.61 

• 55 

.1+8 
•59 


1 

1.26 
1.13 

0.66 
1.00 

0.61 

.03 


i — 

0.72 
.61 
•25 

.M 
■13 
.:i+ 

0.1+0iC.l4 


0.06 
.06 

.OS 

.07 
.07 
.09 


0.12 
•09 

.07 

.OS 
.10 


0.06 

.01 
.00 
.01 
.01 
0.02*0.01 


23.65 
23.83 
23.50 

23.62 
23.95 

23. 6S 


24.33 
■ 23.65 
23.1+S 
23.98 
21+.25 
23. S2 


0.6s 

-.IS 
-.02 

.36 

-.06 

0.1SJO.07 ; 
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Figure 2. - Kinematic-viscosity increase in Indiana oxidation test. Temperature, 
175° Cj air flow, 10 liters per hour; 300-milliliter sample; atmospheric pressure. 
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Figure 3. - Effect Of xylldlnes on Initial oxidation rates 
In Davis oxidation test. Temperature, 175° C; 10-gram 
sample . 
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Figure 4. - Effect of xylldlnes on rate of oxidation of Navy 1120 oil In automatic 
oll-oxldatlon test. Temperature, 175° C; circulation of oxygen, 190 milliliters 
per minute; 50-gram sample; atmospheric pressure. Volume of oxygen absorbed 
determined for standard temperature and pressure (0° C and 760 mm Hg). 
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